Water temperature studies on the R. North Tyne after impoundment by Kielder dam. 1. General introduction and background data by Crisp, D.T.
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SUMMARY 
1. This report describes the general background to the project, defines the 
stations from which data sets have been obtained and lists the available 
data. Some preliminary analyses of the background data are summarized. 
Data from the water temperature loggers will be covered in a further 
report. 
2. Northumbrian Water Authority data from Kielder dam show that stratification 
of the reservoir occurs from June to September and that during this 
period temperature variation within the water column can be as large as 
12 C. The choice of draw-off level(s) during the summer months can, 
therefore, have a major effect-on the temperature of the released 
water. 
3. Precipitation data are available from five stations in the study area. 
The data show reasonable consistency between stations in the temporal 
distribution of precipitation, on a month-to-month basis. 
4. Air temperature data are available from three meteorological stations. 
There are good correlations between stations for monthly means and 
for monthly means of daily maxima and minima. This implies that data 
from any one station are likely to be a useful index of air temperature 
over the whole study area. 
5. Daily mean discharges are available from the Northumbrian Water Authority 
for two stations on the R. North Tyne and for two tributaries during the 
period before impoundment; and for three stations on the North Tyne and 
one tributary after impoundment of the main river. The relationships 
between daily discharges in the substantially unregulated R. Rede, and 
daily discharges in Tarset Burn (unregulated tributary) and in the 
unregulated N. Tyne at two stations are well described by linear regressions 
(r2 = 0.7 - 0.9). Therefore data from the R. Rede can be used to estimate 
natural discharges in Tarset Burn and also to estimate the natural 
discharges that would have occurred in the N. Tyne had there been no 
impoundment. It would be worthwhile to explore the possibility that 
transformation of the data might improve the goodness-of-fit. 
6. The possible use of these background data in developing empirical models 
of water temperature within the regulated N. Tyne is briefly discussed. 
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INTRODUCTION 
The "natural" state of British uplands can be broadly described as open 
mountain and moorland, drained by natural stream and river systems. Such 
areas generally support grazing animals (sheep, deer, grouse) at relatively 
low population densities. Man's modifications to such areas are of two 
main types: 
(a) "Improvement" of the grazing by drainage, burning, fertilizer application 
or reseeding. 
(b) Gross changes in land use such as afforestation or impoundment, with 
various consequent effects upon ground cover, hydrology and water quality, 
and, hence, upon the freshwater fauna and flora. 
A major effect common to impoundment, afforestation and deforestation 
upon the freshwater environment is the modification of water temperature 
regime. Water temperature has a major influence upon the growth rates, 
life cycles, and, even, survival of freshwater organisms. The relationships 
between temperature and rates of various vital processes are usually non-
linear and. relatively small changes in temperature regime can have 
disproportionate biological effects. 
In view of the great importance of water temperature as an environmental 
factor, it is surprising that published information on water temperatures 
in natural rivers and rivers subject to impoundment in Britain is relatively 
sparse. Most of the data that are available are based on records from 
mercury-in-steel thermographs whose accuracy is + 0.5 ºC or worse. Data 
at this level of accuracy provide acceptable general descriptions of stream 
temperature regimes and can also be used to quantify gross changes, but 
more subtle effects may fall within the range of error of the recorder and 
thus be obscured. 
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The present project had the following aims: 
(i) To develop a more accurate and less labour-intensive system for the 
collection and processing of water temperature data from a number of 
stations within a stream/river system. 
(ii) To use the River North Tyne downstream of the Kielder impoundment as 
a test bed for the system. This should yield useful information on 
the effects of impoundment upon downstream water temperatures. 
(iii) To examine patterns of water temperature and, if possible, create 
a predictive model for water temperatures in the North Tyne. 
(iv) If resources permitted, to examine spatial variation in water temperature 
within a selected site in a large river and to examine differences between 
the temperature of the "free" water within the river and of the phreatic 
water at different depths within a gravel bed. 
It was also hoped that if the system were found satisfactory, it could 
be duplicated or relocated at other sites in order to study the temperature 
effects of other forms of upland land use. 
In practice, there were considerable problems with regard to supply and 
reliability of the temperature loggers and this caused slippage of the 
programme. An appraisal of the temperature recording system (Aim i.) is 
given elsewhere (Cunningham, unpublished, 1984). Aim ii. has been achieved 
and the results will be brought together in another report. Aim iii. will 
not be possible within the present contract term but its feasibility will be 
explored later and the outcome will be reported to customers. Studies 
of spatial variation (Aim iv.) were not possible, but are proposed as 
possible Science Budget work in the future. For these reasons a system of 
"phased reporting" has been adopted for this project. The present report contains 
the general background and rationale of the project, together with details 
of sampling stations, summaries of data on Kielder reservoir, air temperature, 
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precipitation and discharge. A series of appendices brings together the relevant 
raw data as daily means. These appendices are not attached to all copies 
of this report but are available on request. Later reports will contain 
technical details of the equipment and an appraisal of its performance, 
and an initial analysis of water temperature data. 
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BACKGROUND 
A review of thermal regimes in rivers was made by Smith (1972) and a 
general review of effects of impoundments, including temperature effects, 
has been published by Brooker (1981). Brief reviews of the thermal regimes 
in natural and regulated streams have been given by Ward & Stanford (1979) 
and Ward (1982). An account of "thermal resetting" of streams by reservoir 
releases, with special reference to salmonid fishes is in preparation 
(Crisp, in prep.) and a draft will be given to customers. 
Data from a pre-impoundment study of temperatures in the North Tyne 
(Boon & Shires, 1976) are also available. 
OBSERVATIONS & STATIONS 
1. General comments 
Background data on air temperature, precipitation and river discharge 
have been collected from all stations which gave reasonably continuous records 
during the period of operation of the water temperature loggers (October 1982 
to April 1984). However, with the exception of the R. Rede, the river 
discharge data for this period all refer to the regulated N. Tyne. In order 
to obtain data for the unregulated N. Tyne and for an additional tributary 
(Tarset Burn) discharge data for the period October 1972 to December 1973 
were also obtained. Meteorological information for the same period was also 
obtained and is given in the Appendices. 
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2. Water temperature loggers. 
Twelve logger stations (Table 1, Figure 1) were established on the 
R. North Tyne downstream of Kielder dam over a total river length of 21.8 km. 
Two additional stations were set up in the lower reaches of Tarset Burn (an 
unregulated tributary) and the River Rede (a substantially unregulated 
tributary). Installation of the loggers began in October 1982 but the 
network was not completed until December 1982. The system was closed 
down on 8th May 1984. The main period for which data were analysed was 
the calendar year 1983. A preliminary analysis of the results is given in 
a separate report (Crisp, Hurley & Butler, unpublished, 1984). 
3. Miscellaneous information from Kielder reservoir. 
The Northumbrian Water Authority has provided information on water 
temperatures at 1 m depth intervals (Grant recorder) at Kielder valve 
tower, and on the draw-off depths and approximate discharges drawn-off 
at each depth from October 1982 to April 1984. These have been used to 
assess stratification in the reservoir and the approximate daily mean. 
temperature and daily mean discharge of the released water. 
4. Rainfall and air temperature. 
Daily precipitation totals together with daily maximum and minimum air 
temperatures are available for the period October 1982 to April 1984 from 
3 stations and precipitation data are available from 2 additional stations 
(Table 2). 
TABLE 1. Summary of the water temperature logger stations. 
* This station is on the Tarset Burn, the distance given in 
the table is the distance along the North Tyne from the dam 
to the confluence of Tarset Burn. Station 9 is approximately 
0.3 km upstream of the confluence. This station is on 
the R. Rede about 1.7 km upstream of its confluence with the 
R. North Tyne. 
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5. River Discharge. 
Daily maximum, minimum and mean discharges for three stations on the 
regulated N. Tyne and one station on the substantially unregulated R. Rede 
(Table 3) have been supplied by the Northumbrian Water Authority for the period 
November 1982 to April 1984. Data for the unregulated Tarset Burn are 
available for 1973 and these, together with comparable data from the other 
four stations, have been used in some of the analyses. 
The data from Ugly Dub can be taken as an estimate of reservoir discharge. 
For consistency with the meteorological data, all discharge and water 
temperature data have been summarized as daily means for a day which runs 
from 0900 hr G.M.T. to 0900 hr G.M.T. 
KIELDER RESERVOIR AND THE TEMPERATURE OF THE RELEASED WATER. 
Basic details of the reservoir are given in Table 4. A depth-time 
diagram of water temperatures (Figure 2) shows that the reservoir stratified 
from June to September 1984 and that for an appreciable part of this period 
there were large differences (up to 12ºC) between temperatures of the 
epilimnion and hypolimnion. The positions of the draw-off levels are also 
shown on Figure 2 and can be used to predict the changes in temperature of 
the released water which could result from switches of draw-off from one 
level to another. 
Details of changes in draw-off levels and discharges, together with 
corresponding estimates of the temperature of water drawn off at each level 
and of the total water mix discharged are given in Appendix 1. The results 
are summarised as monthly means in Table 5. There is good general agreement 
TABLE 2. Details of sites for which meteorological data are available. + = data available, - = data not available. 
TABLE 3. Details of river discharge gauging stations from which data are available. + = Discharge in Tarset Burn 
4.2 km upstream of the confluence with the R. North Tyne. 
* = Discharge in R. Rede 1.7 km upstream of the confluence with the R. North Tyne. The distances downstream 
of Kielder dam quoted for both these sites are the distances to the confluences of the two streams with the 
R. North Tyne. Note that the catchment areas are the values officially quoted by the Northumbrian Water 
Authority. 
TABLE 4. Basic details of Kielder Water. 
Surface area, when full (ha) 1O87 
Capacity (m3 x 106) 201 
Maximum depth (m) 52 
Altitude of top water level (M.O.D.) 185.2 
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between these temperatures and those recorded by the loggers at Stations 1 
and 2 (0.8 and 1.6 km downstream of the point of release), during the summer 
but the loggers gave lower estimates of monthly means than are shown in Table 
5 during winter. 
Although a system for mixing water close to the valve tower (to eliminate 
or reduce the effects of stratification) is installed at Kielder, this was not 
used during the year ending 30 April 1984. 
PRECIPITATION 
Daily precipitation data for 1982-4 and for 1972-3 are given in Appendix 2 
a to j and are summarised as monthly means in Table 6. 
If the Kielder Castle data are taken as a standard (x), then plots of 
monthly means at each other station (y) against values at Kielder Castle 
show an approximately linear relationship (Figure 3) and can be summarized 
as a series of linear regressions (Table 7). There is, however, considerable 
scatter of the data points and the calculated regressions do not give any 
clear indication of a relationship between precipitation and the altitude 
or distance downstream of the station concerned. 
An alternative approach is to regress annual precipitation in 1983 or 
1973 (y) at each station upon altitude and/or distance downstream (x) (Table 8). 
None of the regressions was significant (P>0.05) and this probably reflects 
the small number of data pairs available. Relatively high values of r2 
suggest that there may be an inverse relationship between distance downstream 
and precipitation but the present data are inadequate for detailed analysis. 
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In general, the results suggest that precipitation data from any of 
the stations considered would give a reasonable index of precipitation within 
the North Tyne catchment but the data, as might be expected, are insufficient 
to yield a useful model of variation in precipitation over the catchment. 
AIR TEMPERATURE 
Daily maximum, minimum and mean (estimated as the mid-point between 
daily maximum and minimum) temperatures are given in Appendix 3, 
a to e. The data have been summarized as monthly and annual means (Table 9) 
and as monthly means of daily maxima and minima (Table 10). Data are 
available for only two stations in 1973 and for only three stations in 1983 
and two of the latter are at virtually the same altitude (Kielder Castle, 
198.1 m.O.D.; Stonehaugh, 198.0 m.O.D.), although 24 km apart in terms of 
river distance. These data are insufficient for use in modelling variation 
in air temperature with distance downstream or with altitude. However, 
temperatures at Stonehaugh and Park End (y) are closely correlated with 
temperatures at Kielder Castle (x) (Figure 4, Table 11) and can be related by 
linear regressions. The regressions of temperature at Stonehaugh upon 
temperatures at Kielder Castle (in terms of means, maxima or minima) have 
intercepts close to zero, gradients close to 1.0 and r2 values of 0.99. 
This implies that temperatures at these two stations of similar altitude 
are very similar. The regressions of temperatures at Park End upon those 
at Kielder Castle have intercepts of 1.05 to 2.4ºC, and gradients of 0.99 to 
0.86. In general, temperatures at Park End (91.4 m.O.D.) are higher than 
those at Kielder Castle. The regression for monthly means predicts a 
temperature of 9.2ºC (95% confidence interval 8.2 to 10.3ºC) at Park End 
when the temperature at Kielder Castle is 7.4ºC (annual mean for May 1983 
to April 1984). This temperature difference represents a raising of 
TABLE 5. Estimates of monthly mean temperature of water released from Kielder Water, 
October 1982 to April 1984. Numbers in parentheses () indicate the number 
of days' data available for months when there were gaps in the records. 
[] indicates number of daily means used from Ugly Dub discharge. 
TABLE 6a. Monthly and annual precipitation totals (mm). 1982, 1983 & 1984. 


TABLE 7. Summaries of linear regressions relating monthly precipitation(mm) at 
of four stations (y) to values at Kielder Castle (x), for the period 
October 1982 to April 1984 inclusive. 
TABLE 8. Linear regressions relating all, one-to-one combinations of distance downstream, altitude, precipitation 
in 1983 and precipitation in 1973 were calculated. This table summarizes those regressions whose 
values of r2 exceeded 0.5. 
TABLE 9a. Monthly and annual mean air temperatures (°C). 1982, 1983, 1984. 
TABLE 9b. Monthly and annual mean air temperatures (ºC). 1972 & 1973. 
ANNUAL MEAN 1973 7.1 
TABLE 10a. Monthly means of daily maximum and minimum air temperatures (ºC) 
1982, 1983, & 1984. 
TABLE 10b. Monthly means of daily maximum and minimum air temperatures (ºC) 1972 & 1973. 


TABLE 11. Summary of linear regressions relating monthly mean and monthly mean of 
daily maximum and daily minimum air temperatures at Stonehaugh and 
Park End (y) to corresponding values at Kielder Castle (x). 
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temperature by c. 1.7ºC (95% confidence interval 0.8 to 2.9°C) for a decrease 
of altitude of 100 m, which is probably larger than the lapse rate of 0.67°C 
per 100 m which is accepted by geographers. 
STREAM & RIVER DISCHARGE 
1. General Comments 
Daily mean discharges from N.W.A. metering stations are shown in 
Appendix 4 a to h and are summarized as monthly and annual means in 
Table 12. 
The sizes of catchments of N. Tyne tributaries and the pattern of 
increase of the catchment area relative to distance downstream of the dam 
are shown in Table 13 and Figure 5. Over most of the length of the N. Tyne 
between Ugly Dub and the confluence of the R. Rede, the area of affluent 
catchment increases at a reasonably steady rate of c. 4.0 km2 km-1 of 
distance downstream. One major discontinuity occurs, between stations 8 
and 10, with the entry of Tarset and Chirdon Burns with catchments of 96.0 
and 53.4 km2 respectively (c.f. catchment of N. Tyne above confluence of 
Tarset Burn = 285.9 km 2). Between stations 12 and 14 the entry of the 
R. Rede with a catchment of 346.6 km2 (N. Tyne catchment above confluence 
= 477.2 km2) causes another discontinuity. Between the entry of the R. Rede 
and Reaverhill the mean rate of increase in catchment area is c. 13 km2 
km of river length. 
TABLE 12a. Monthly and annual mean discharges (m3 s-1) recorded at N.W.A 
gauging stations and also at Kielder dam. 1982, 1983 & 1984. 
TABLE 12b. Monthly and annual mean discharges (m3 s-1)recorded at N.W.A. 
gauging stations. 1972 & 1973. 
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Any sophisticated model of the relationships between discharges at 
various points within the N. Tyne and in its tributaries would require 
detailed knowledge of the spatial variation in rainfall over the catchment 
and of variation in hydrological characteristics between the various sub-
catchments. Such information is not available. However, a very approximate 
method of predicting spatial variation in discharge would be to assume 
uniform rainfall and run-off over the whole catchment. Discharges in the 
main river at different points and in the tributaries would then be 
considered proportional to their catchment areas. A more direct approach 
would be to establish empirical relationships between daily mean discharges at 
the various gauging stations. Brierly (unpubl. thesis) developed a series 
of relationships between discharges over periods of 3 to 960 hours. A 
power law model was used. As the estimated value of the exponent (b) was 
generally close to 1.0 and the relationships were mainly based on short 
data runs (3 months), a new set of relationships has been calculated in 
which the model is a linear regression based on daily mean discharges 
over a period of 12 months. 
2. Empirical relationships between discharge in the natural R. North Tyne 
and its tributaries. 
Table 14 summarizes linear regressions for the prediction of daily 
mean discharges (y) in Tarset Burn and in the unregulated N. Tyne at 
Tarset on Tyne and Reaverhill from daily values in the R. Rede (x) using 
1973 data. Plots show some scatter, but the calculated regressions are an 
acceptable visual fit to the data. The regressions account for 70 - 89% 
of the variance of the dependent variable and the gradients are rather 
more than would be expected from the catchment ratios of the 
gauging stations (R. Rede: Tarset Burn: Tarset on Tyne: Reaverhill::1:0.28: 
0.83:2.93). These regressions can be used to predict daily values at 
Tarset Burn during the post-impoundment period and also to simulate 

TABLE 15. Summary of linear regressions relating daily mean discharges (m3 s-1) at various stations on the R. North Tyne 
under regulated conditions in 1983-1984. 
* Incomplete year, Kielder dam data not yet available for January to April 1984. 
No data for October 1983. 
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natural discharges in the North Tyne. The use of transformed data might be 
statistically more satisfactory and should be explored. 
3. Discharge relationships between stations in the North Tyne after regulation. 
Linear regressions relating daily mean discharges at various stations in 
the R. North Tyne during regulation are summarized in Table 15. 
Discharges at Kielder dam (y) and at Ugly Dub (x) should be virtually 
identical. However, the former are discharges estimated from release 
valve settings and are likely to be less precise than those obtained at 
Ugly Dub which is a standard metering weir with continuous records of 
water level. The regression accounts for virtually all of the variance of y. 
The intercept is close to, but significantly different from,zero and the gradient 
close to 1.0. 
The Ugly Dub and Tarset on Tyne stations are 9 km apart but the N. 
Tyne receives only minor tributaries between the two stations (increment 
in catchment area = 43.4 km2, i.e. a 15% increase). There should, therefore 
be good agreement in discharge between these two stations, with values at 
Tarset on Tyne about 15% higher than at Ugly Dub. The regression accounts for 
98% of the variance of y and predicted discharges at Tarset on Tyne are 
18 to 11% higher than those at Ugly Dub over the discharge range of 5 to 
30 m3 s-1. 
Between Ugly Dub and Reaverhill the percentage of regulated catchment 
reduces from 100% to <25%. Therefore, poor agreement between discharges at 
Reaverhill and the two upstream stations would be expected during regulation 
of the N. Tyne. Plots of data show considerable scatter and the calculated 
regressions account for only 30-40% of the variance of the response. 
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4. Synthesis of discharge results. 
Daily discharges for the substantially unregulated R. Rede (11.6% of 
its upper catchment is regulated at a point c. 35 km upstream of its 
confluence with the R. North Tyne) are available for the pre- and post-
impoundment periods. The pre-impoundment data have been used to calculate 
linear regressions for prediction of discharges in Tarset Burn and in the 
natural R. North Tyne at Tarset on Tyne and Reaverhill. This facilitates 
prediction of discharges in Tarset Burn during the post-impoundment period 
and also the discharges that would have occurred at Tarset on Tyne and 
Reaverhill during the study period, if the N. Tyne had not been impounded. 
The latter predictions can then be compared with the observed regulated 
discharges. Note that the regulated discharges at Ugly Dub and at Tarset 
on Tyne are very similar. This would be expected, as no major tributaries 
enter the river between these two stations. There remains one major tributary 
(Chirdon Burn) for which there are no direct observations during either the 
pre- or post-impoundment periods. Brierly (unpublished) assumed direct 
proportionality between discharges in Chirdon and Tarset Burns such that 
Chirdon Burn discharge was 0.646 of Tarset Burn discharge. On the basis 
of catchment areas only (Table 13) a value of 0.556 would be expected. 
Measurements or predictions are therefore available for the R. North 
Tyne and all of its major tributaries within the study area. In order to 
describe the discharge pattern in the N. Tyne more fully it is necessary to 
make some approximate allowance for the inputs from all the minor tributaries. 
As examples of one very simple approach, the following two models could be 
developed: 
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1. Tarset on Tyne to St. 14 (below confluence of R. Rede ) 
Where Q = daily mean discharge, and subscripts St,l4,TT, TB & RR denote 
Tyne at St. l4, Tarset on Tyne, Tarset Burn and R. Rede, respectively. 
k is a correction factor. Observed values are underlined. 
Basically, discharge at St. 14 is the sura of the discharge at Tarset 
on Tyne and all inputs between that site and St. 14. The discharge of Tarset 
Burn can be predicted from the calculated regression upon the R. Rede discharge 
and the multiplier 1.646 makes allowance for the discharge of Chirdon Burn. 
The constant k is an allowance for the inputs of minor tributaries. The 
total increment of R. Tyne catchment between Tarset on Tyne and St. l4 is 
540.6 km2 (Table 13) and the major tributaries (Tarset Burn, Chirdon Burn 
and R. Rede) account for 496.0 km2 (91.7% of the increment). On a catchment 
basis, therefore, the value of k should be c. 1.09. As rainfall is likely 
to decrease with distance downstream, this value may be rather too high. 
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Development of models of this type is necessary for two reasons: 
i. Changes in river discharge, either spatial or temporal, change 
the thermal capacity of the river and, hence, the rate at which river 
temperature equilibrates with air temperature. 
ii. As the regulated river and the unregulated tributaries will have 
different temperatures, at least at some times of the year, knowledge 
of the relationship between the regulated discharge from the reservoir 
and the discharges from tributaries is necessary in order to assess 
the effects of the tributaries upon river temperature at various points 
downstream of the point of release* 
Using recorded discharges at the three stations on the main river and 
in the R. Rede, it should be possible to model changes in discharge within 
the river with distance downstream and to apportion discharge at any point 
between reservoir releases and inputs from tributaries. Basic requirements 
are? 
a. Records of discharge at Kielder dam (available). 
b. Records of discharge in at least one unregulated tributary for both 
pre- and post-regulation periods (available - R. Rede). 
c. Empirical relationships between discharges at different points in the 
main river and in its various tributaries (See regressions in Table 14 
and text on p. 13). It might also be possible to predict discharges in 
unregulated tributaries from rainfall records, but this would 
lead to a loss of precision in the discharge predictions and has not 
been pursued. 
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DISCUSSION 
At most times of year, the temperature of water released from an impoundment 
will differ from the temperature that would be expected in a similar, but 
unregulated, river. Exchange of heat between the river water and the bed 
of the river and the surrounding air will then occur and the temperature 
of the river will move towards equilibrium with the temperature of its 
surroundings. The rate at which equilibration occurs, relative to distance 
downstream of the point of release, will depend upon the channel form, the 
thermal capacity of the river (a function of river discharge), the velocity 
at which the river flows (another function of discharge), and the difference 
between the temperature of the water and the temperature of its surroundings. 
In addition, there will be discontinuities in the pattern of equilibration 
with the entry of major natural tributaries whose discharge fluctuations and 
water temperatures will differ from those of the regulated river. 
A simple, empirical model to describe or predict the rate of equilibration 
on a daily basis within the B. North Tyne would be of value in managing discharges 
from Kielder reservoir with regard to temperature impacts in the river, and could 
also be used to make very approximate assessments for other sites, provided 
that some allowance was made for between-sites differences. 
It is possible that the background data described in this report would be 
an adequate basis for such a simple model. Essential requirements and the 
way in which they are covered by the present data sets are: 
1. Data on daily discharges at the point of release and one or two other 
points within the regulated river. These are available from the Northumbrian 
Water Authority. 
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2. Data on daily discharges in the major unregulated tributaries. These 
are available for the R. Rede and the data from the R. Rede could be 
used to estimate values for Tarset and Chirdon Burns. 
3. Air temperatures from at least one representative station in the vicinity. 
Data are available from three stations. As the data from the three 
stations are well correlated with one another, any one 
station could be considered representative. A complete 
model also requires knowledge of river bed temperatures. These are 
not available. However, the fact that air temperature alone appears to 
be a good predictor of water temperatures in unregulated streams (Smith 
& Lavis, 1975; Crisp & Howson, 1982) suggests that this omission may not 
be of major importance. 
4. Daily mean temperatures for water released at Kielder dam, at various 
points downstream and in one or more representative major tributaries. 
These data are discussed elsewhere (Crisp, Hurley & Butler, unpublished 1984). 
Development of such a model would require more detailed and rigorous 
analysis of the information on discharges and air temperatures, and their 
integration with the water temperature data. Before this process was initiated 
it would be necessary to assess the quality and quantity of available data 
to ensure that the work entailed was likely to be justified by the results. 
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